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* NOTICES * 

JPO and WCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. *' 

2. ##*# shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more 1st pads which have been arranged discretely and formed with the oxide 
superconducting material on the main front face of the 1st dielectric substrate and said 1st 
dielectric substrate, The touch-down electric conduction film which has been arranged on the 
main front face of said 1st dielectric substrate, and was formed with the oxide superconducting 
material, The front face of said touch-down electric conduction film is arranged on the front face 
of a wrap dielectric film and said dielectric film. Superconducting circuit equipment of said 1st 
pad with the sum total of the thickness of said touch-down electric conduction film, said 
dielectric film, and said superconducting circuit pattern it is formed with an oxide 
superconducting material, have the superconducting circuit pattern connected to said 1st pad, 
and smaller than height. 

[Claim 2] Superconducting circuit equipment according to claim 1 by which said touch-down 
electric conduction film covers the front face of 1st at least one pad among said two or more 
1st pads, and is electrically connected to the 1st pad concerned. 

[Claim 3] Furthermore, it is discretely arranged on the main front face of the 2nd bigger 
dielectric substrate than said 1st dielectric substrate and said 2nd dielectric substrate, two or 
more 2nd pads formed with the oxide superconducting material — it is — this, when the main 
front face of the 2nd dielectric substrate is made to counter the main front face of said 1st 
dielectric substrate The 2nd pad with which this 2nd pad is arranged in said 1st pad and a 
corresponding location, It is arranged on the main front face of said 2nd dielectric substrate, and 
is formed with an oxide superconducting material. Superconducting circuit equipment according 
to claim 1 or 2 through which had two or more wiring connected to said 2nd pad, and pasted up 
on the top face of said 1st pad with which each top face of said 2nd pad corresponds, and both 
have flowed electrically. 

[Claim 4] The process which forms the 1st oxide superconduction film on the main front face of 
the 1st dielectric substrate, The process which leaves two or more 1st pads which carry out 
patterning of said 1st oxide superconduction film, and are distributed discretely, The process 
which forms the touch-down electric conduction film which consists of an oxide superconducting 
material on some fields on the front face of main of said 1st dielectric substrate, The 
manufacture approach of superconducting circuit equipment of having the process which forms a 
dielectric thin film on the front face of said touch-down electric conduction film, and the process 
which forms the superconducting circuit pattern which consisted of an oxide superconducting 
material and was connected to said 1st pad on the front face of said dielectric thin film. 
[Claim 5] The manufacture approach of superconducting circuit equipment according to claim 4 
with the larger height of said 1st pad than the thickness of the sum total of said touch-down 
electric conduction film, dielectric thin film, and superconducting circuit pattern. 
[Claim 6] The process which forms said touch-down electric conduction film so that said the 1st 
main front face and said 1st pad of a dielectric substrate may be covered So that 1st at least 
one pad may be electrically separated from other 1st pad the process which forms the 2nd oxide 
superconducting thin film, and among said 1st pad And the manufacture approach of 
superconducting circuit equipment including the process which carries out patterning of said 2nd 
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oxide superconducting thin film so that said 2nd oxide superconducting thin film may remain on 
some fields on the front face of main of said 1st dielectric substrate according to claim 4 or 5. 
[Claim 7] furthermore, two or more 2nd pads formed with the oxide superconducting material on 
the main front face — it is — this, when the main front face of the 2nd dielectric substrate is 
made to counter the main front face of said 1st dielectric substrate The 2nd pad with which this 
2nd pad is arranged in said 1st pad and a corresponding location, The process for which the 2nd 
dielectric substrate which has two or more wiring which was formed with the oxide 
superconducting material and connected to said 2nd pad is prepared, The process which 
arranges said 1st dielectric substrate and said 2nd dielectric substrate so that the top face of 
said 1st pad with which both main front faces are made to counter, and each top face of said 
2nd pad corresponds may be contacted, The manufacture approach of superconducting circuit 
equipment including the process which heats said 1st dielectric substrate and said 2nd dielectric 
substrate, and pastes up said 1st pad and the 2nd pad corresponding to it according to claim 4 
to 6. 

[Claim 8] It is the compound substrate with which the main front face was formed with dielectric 
materials, and the interface of dielectric materials and an oxide superconducting material was 
caudad formed rather than the main front face. The 1st field and the 2nd field which adjoins at it 
are demarcated in the main front face of this substrate, and it sets to this 1st field. The depth 
from the main front face to said interface is about 1 law, and it sets to this 2nd field. Said 
compound substrate with which the depth from the main front face to said interface is deep as it 
separates from said 1st field, The superconducting circuit pattern formed on the 1st [ in the 
main front face of said compound substrate / said ] field, It is the drawer pattern which is 
formed on the 2nd [ in the main front face of said compound substrate / said ] field, and 
consists of a superconducting material. This drawer pattern is superconducting circuit equipment 
which has said drawer pattern which is becoming thick gradually as it extends in the direction 
which intersects the boundary line of said 1st field and 2nd field, it connects with said 
superconducting circuit pattern and it separates from said 1st field. 

[Claim 9] The 1st member which has the slant face where said compound substrate follows the 
top face parallel to the main front face and this top face of this compound substrate, and was 
formed with the oxide superconducting material, The 2nd member which has the slant face stuck 
to the slant face of said 1st member, and the top face which demarcates one virtual flat surface 
with the top face of said 1st member, and was formed with dielectric materials, Superconducting 
circuit equipment containing the dielectric thin film which covers the top face of said 1st 
member, and the top face of said 2nd member according to claim 8. 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which has the electronic circuitry 

which used the superconducting material. 

[0002] 

[Description of the Prior Art] If a superconducting material is used for electric wiring, surface 
electrical resistance to the high frequency current can be made low. Moreover, if the tunnel 
effect component of superconduction is used, reduction of power consumption and improvement 
in the speed of operation will be attained. Since a superconducting material has these 
outstanding properties, application of the superconducting material to a RF circuit is advanced. 
The attempt which uses an oxide superconducting material for wiring has been made since the 
discovery of an oxide superconducting material whose superconduction transition temperature 
exceeds liquefaction nitrogen temperature. 

[0003] In a RF circuit, in order to make a signal spread efficiently, generally microstrip line 
structure is adopted. The ingredient excellent in dielectric characteristics (tandelta) fits the 
dielectric layer of microstrip line structure. Moreover, it is desirable that epitaxial growth of the 
oxide superconducting thin film can be carried out on a dielectric layer. For these reasons, MgO 
is used as a dielectric layer of microstrip line structure using an oxide superconducting material 
in many cases. 
[0004] 

[Problem(s) to be Solved by the Invention] If the characteristic impedance of wiring is changed 
spatially, reflection of a signal will arise at the changing point of a characteristic impedance, and 
attenuation of a signal and a wave-like distortion will arise. If the frequency of a signal becomes 
high, attenuation and waveform distortion of a signal will become remarkable. 
[0005] The characteristic impedance of microstrip line structure is determined by a dielectric 
constant, its thickness, wiring width of face, etc. of a dielectric layer in approximation. In order to 
set a characteristic impedance as about 50ohms, using MgO as a dielectric layer, dielectric layer 
thickness and wiring width of face must be made comparable. 

[0006] A thin film multilayering technique is used for production of a superconduction integrated 
circuit device. In this case, the thickness of a thin film is usually set as 1 micrometer or less 
from the irregularity on the front face of a thin film, crystallinity, growth time amount, etc. When 
the dielectric layer thickness which consists of MgO is 1 micrometer or less, in order to set the 
characteristic impedance of a microstrip line to 50 ohms, it is necessary to set wiring width of 
face to 1 micrometer or less. 

[0007] On the other hand, external wiring connected to an integrated circuit device has coaxial 
structure, and even if the size of the central conductor is thin, it is about 0.1mm. The big 
difference with the wiring width of face of an integrated circuit device and the size of the central 
conductor of a coaxial cable makes an assembly difficult, and enlarges reflection by the 
impedance mismatch. 

[0008] Moreover, when using the superconducting material of a metal system, flip chip bonding is 
used for connection between an integrated-circuit substrate and a mounting substrate. However, 
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when using an oxide superconducting material, it is difficult to perform flip chip bonding, and the 
connection method through a usual state electrical conduction wire has been adopted. If a usual 
state electrical conduction wire is used, a transmission characteristic will deteriorate compared 
with the case where direct continuation of the superconducting materials is carried out. 
[0009] The purpose of this invention is offering the superconducting circuit equipment which can 
mount a superconducting circuit substrate on a mounting substrate, and its manufacture 
approach, without using a usual state electrical conduction wire. 

[0010] Other purposes of this invention are offering the superconducting circuit equipment which 
can aim at adjustment of the characteristic impedance of superconducting circuit equipment and 
an external track. 
[0011] 

[Means for Solving the Problem] Two or more 1st pads which according to one viewpoint of this 
invention have been arranged discretely and formed with the oxide superconducting material on 
the main front face of the 1st dielectric substrate and said 1st dielectric substrate, The touch- 
down electric conduction film which has been arranged on the main front face of said 1st 
dielectric substrate, and was formed with the oxide superconducting material, The front face of 
said touch-down electric conduction film is arranged on the front face of a wrap dielectric film 
and said dielectric film. It is formed with an oxide superconducting material, and has the 
superconducting circuit pattern connected to said 1 st pad, and superconducting circuit 
equipment with the sum total of the thickness of said touch-down electric conduction film, said 
dielectric film, and said superconducting circuit pattern smaller than the height of said 1st pad is 
offered. 

[0012] Since the 1st pad is comparatively expensive, even if curvature is in the 1st dielectric 
substrate and the mounting substrate for mounting it, it is stabilized and the 1st pad and the pad 
by the side of a mounting substrate can be pasted up. 

[0013] The process which forms the 1st oxide superconduction film on the main front face of the 
1st dielectric substrate according to other viewpoints of this invention, The process which 
leaves two or more 1st pads which carry out patterning of said 1st oxide superconduction film, 
and are distributed discretely, The process which forms the touch-down electric conduction film 
which consists of an oxide superconducting material on some fields on the front face of main of 
said 1st dielectric substrate, The manufacture approach of superconducting circuit equipment of 
having the process which forms a dielectric thin film on the front face of said touch-down 
electric conduction film, and the process which forms the superconducting circuit pattern which 
consisted of an oxide superconducting material on the front face of said dielectric thin film, and 
was connected to said 1 st pad is offered. 

[0014] The 1st pad is formed at a different process from the process which forms a 
superconducting circuit pattern. For this reason, it becomes possible to set up the height of the 
1st pad independently with the thickness of a superconducting circuit pattern. If the 1st pad is 
made high, it will be hard coming to win popularity the effect of the curvature of a substrate etc. 
[0015] According to other viewpoints of this invention, it is the compound substrate with which 
the main front face was formed with dielectric materials, and the interface of dielectric materials 
and an oxide superconducting material was caudad formed rather than the main front face. The 
1st field and the 2nd field which adjoins at it are demarcated in the main front face of this 
substrate, and it sets to this 1st field. The depth from the main front face to said interface is 
about 1 law, and it sets to this 2nd field. Said compound substrate with which the depth from the 
main front face to said interface is deep as it separates from said 1st field, The superconducting 
circuit pattern formed on the 1st [ in the main front face of said compound substrate / said ] 
field, It is the drawer pattern which is formed on the 2nd [ in the main front face of said 
compound substrate / said ] field, and consists of a superconducting material. This drawer 
pattern extends in the direction which intersects the boundary line of said 1st field and 2nd field, 
and is connected to said superconducting circuit pattern, and the superconducting circuit 
equipment which has said drawer pattern which is becoming thick gradually is offered as it 
separates from said 1st field. 

[0016] This superconducting circuit equipment has the microstrip line structure which makes the 
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interface of the dielectric materials of a compound substrate, and a superconducting material a 
touch-down conductor side. The drawer pattern is thick as spacing of a drawer pattern and a 
touch-down conductor side becomes large. For this reason, spatial fluctuation of the 
characteristic impedance of a drawer pattern can be lessened. Lead wire, such as a RF 
connector, can be easily pasted up on the thick part of a drawer pattern. 
[0017] 

[Embodiment of the Invention] With reference to drawing 1 - drawin g 4 , the superconducting 
circuit equipment by the 1st example of this invention is explained. 

[0018] Drawin g 1 (A) shows the outline sectional view of the superconducting circuit equipment 
by the 1st example, and drawing 1 (B) shows a top view. The sectional view in alternate long and 
short dash line A1-A1 of drawin g 1 (B) is equivalent to drawin g 1 (A). Superconducting circuit 
equipment is fundamentally constituted including the superconducting circuit substrate 1 and the 
mounting substrate 50. The superconducting circuit substrate 1 is constituted including two or 
more 1st pads 10 which consist of a dielectric substrate 5 which consists of MgO, and 
YBa2Cu307-d (YBCO). d is the amount of deficits of oxygen here. Two or more 1st pads 10 are 
discretely distributed on the main front face of the dielectric substrate 5. About the more 
detailed configuration of the superconducting circuit substrate 1, it mentions later with reference 
to drawing 2 and drawing 3 . 

[0019] The mounting substrate 50 is constituted including two or more 2nd pads 55, wiring 56, 
and the pad 57 for external connection which serve as the dielectric substrate 51 which consists 
of MgO from YBCO formed on the main front face. The 2nd pad 55 is arranged in the location 
corresponding to the 1st pad 10, when those main front faces are made to counter and the 
dielectric substrates 5 and 51 have been arranged. The 2nd pad 55 is electrically connected to 
the pad 57 for external connection through wiring 56, respectively. 

[0020] Each top face of the 1st pad 10 has pasted the top face of the 2nd pad 55 corresponding 
to the 1st pad 10 concerned. Adhesion of pads contacts both and is performed by heating at 920 
degrees C in an oxygen ambient atmosphere for 2 hours. 920 degrees C is the sintering 
temperature of YBCO. In addition, whenever [ stoving temperature ] can be lowered by 
pressurizing pads. For example, when it pressurized using a stainless steel spring, both pasted up 
at the temperature of 900 degrees C. 

[0021] The central conductor 60 of a RF connector is stuck to the pad 57 for external 
connection by pressure. In addition, the outer conductor of a RF connector is connected to the 
grand side of the circuit pattern of the mounting substrate 50. The external signal line is 
connected to a RF connector. As the external signal line, a coaxial cable is usually used. 
[0022] Next, with reference to drawing 2 and drawing 3 , the manufacture approach of the 
superconducting circuit substrate 1 is explained. 

[0023] As shown in drawing 2 (A), the dielectric substrate 5 which consists of MgO is prepared. 
On the main front face of the dielectric substrate 5, the superconduction thick film 6 with a 
thickness of 10 micrometers it is thin from YBCO is formed. Formation of the superconduction 
thick film 6 is performed by liquid phase crystal growth (LPE). a MgO substrate top — the YBCO 
film — LPE — the approach of forming using law is explained to JP,7-33590,A at the detail. 
Hereafter, the formation approach of the superconduction thick film 6 is explained briefly. 
[0024] First, the YBCO film with a thickness of 0.01-1 micrometer is grown up with plasma 
vacuum deposition on the main front face of the dielectric substrate 5. the YBCO film top 
formed by plasma vacuum deposition — LPE — the thick YBCO film is grown up using law. The 
mixed melt of BaO and CuO is used as a solvent. The mole ratio of Ba and Cu is 3:5. Y2B aCu05 
is used as solute feed materials. The crucible into which the solute and the solvent were put is 
heated and melting of the solvent is carried out to a solute. Then, skin temperature is adjusted 
to 1000 degrees C, and a crucible pars basilaris ossis occipitalis is adjusted to 1010 degrees C. 
In this condition, solute feed materials have precipitated in the lower part of the solvent of a 
liquid condition. Solute feed materials are dissolving into a solvent. 

[0025] The front face of the YBCO film formed in this solution with plasma vacuum deposition is 
contacted, and a YBCO thick film is grown up by considering a rotational frequency as per 
minute 100 rotation. The YBCO film formed with plasma vacuum deposition serves as seed 
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crystal. A YBCO thick film is grown up so that the thickness of the YBCO thick film after growth 
may become a little thicker than 10 micrometers. The front face of a YBCO thick film is ground 
after growth, and the superconduction thick film 6 with a thickness of 10 micrometers is formed. 
[0026] As shown in drawing 2 (B), patterning of the superconduction thick film 6 is carried out, 
and it leaves two or more pads 10. A pad 10 is discretely distributed on the main front face of 
the dielectric substrate 5. The wet etching which used the nitric acid performs patterning of the 
superconduction thick film 6. The diameter of each pad 10 is about 0.5mm. 
[0027] As shown in drawing 2 (C), the superconducting thin film 1 2 with a thickness of 0.2-0.3 
micrometers it is thin from YBCO is formed so that the main front face of the dielectric 
substrate 5 and the front face of a pad 10 may be covered. For example, laser vacuum 
evaporationo performs formation of a superconducting thin film 12. 

F0028>As^shown-in- drawing 2 (D)rpatterning-of-the-supercondueting-thin-film-1-2--is-Garried out. 

Touch-down electric conduction film 12a remains on the field where the pad 10 on the front face 
of main of the dielectric substrate 5 is not arranged. Superconducting thin film 12b remains also 
on each front face of a pad 10. Touch-down electric conduction film 12a follows wrap 
superconducting thin film 12b in at least one pad 10. Moreover, at least one pad 10 is electrically 
separated from touch-down electric conduction film 12a. In drawing 2 (B), wrap superconducting 
thin film 12b follows touch-down electric conduction film 12a in the right-hand side pad 10, and 
the left-hand side pad 10 is electrically separated from touch-down electric conduction film 12a. 

[0029] As shown in drawin g 3 (E), the dielectric thin film 13 with a thickness of 0.2-0.3 
micrometers it is thin from MgO is formed on a substrate. For example, laser vacuum 
evaporationo or sputtering can perform formation of the dielectric thin film 1 3. 
[0030] As shown in drawing 3 (F), the wrap dielectric thin film 13 is removed for a pad 10. Wrap 
dielectric thin film 13a remains touch-down electric conduction film 12a. Partial removal of the 
dielectric thin film 13 can be performed by covering the part which it should leave with a resist 
pattern, and carrying out ion milling of the exposed part. 

[0031] As shown in drawing 3 (G), while forming superconducting circuit pattern 15a which 
consists of YBCO on the front face of dielectric thin film 13a, the laminating of the 
superconducting thin film 15b which consists a pad 10 of YBCO further on wrap superconducting 
thin film 12b is carried out. Superconducting circuit pattern 15a and superconducting thin film 
15b are formed by carrying out patterning of this YBCO thin film, after growing up a YBCO thin 
film on a substrate. The thickness of superconducting circuit pattern 15a and superconducting 
thin film 15b is 0.2-0.3 micrometers. 

[0032] The superconducting circuit substrate 1 of microstrip line structure is produced through 
the process from drawing 2 (A) to drawing 3 (G). A logical circuit is mentioned as an example of 
a superconducting circuit. The example of 1 configuration of a comparator circuit is an IEEE 
transaction. ON Applied It is indicated by 2987-2992 pages of volume [ 7th ] No. 2 (June, 1997) 
(IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL.7, NO.2, JUNE 1997) of 
super KONDAKUTIBITI. 

[0033] The mounting substrate 50 shown in drawing 1 (A) is produced by forming a 
superconduction pattern on the front face of the dielectric substrate 51 by the same approach 
as formation of superconducting circuit pattern 15a explained by drawin g 3 (G), and 
superconducting thin film 15b. The height of the pad 55 by the side of the mounting substrate 50 
is comparable as the thickness of wiring 56, and good. 

[0034] Drawing 4 shows the temperature dependence of resistance between the pad 10 of 
drawing 1 (A), and a pad 55. An axis of abscissa expresses temperature with a unit "K", and an 
axis of ordinate expresses resistance with a unit "omega." Measurement of resistance was 
performed using 4 terminal method. In abbreviation 90K or less range which is the 
superconduction transition temperature of YBCO, it turns out that resistance is very low. By 
making YBCO into a superconductive state, it is possible to connect the superconducting circuit 
pattern on a superconducting circuit substrate and wiring on a mounting substrate by low 
resistance. 

[0035] In addition, judging from a current potential property, it will not be in a perfect 
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superconductive state between a pad 10 and a pad 55, but it is thought that slight residual 
resistance remains. Howeverrresidual resistance of this level hardly affects actuation of a RF 
circuit As a cause by which residual resistance remains, resistance resulting from the grain 
boundary of the interface between pads can be considered. It is thought that this resistance can 
be decreased by optimizing both surface treatment before contact of a pad. 
[0036] Since the height of a pad 10 is about 10 micrometers, even when curvature is in the 
dielectric substrate 5 and the dielectric substrate 51 by the side of the mounting substrate 50, it 
is stabilized with sufficient repeatability and the superconducting circuit substrate 1 can be 
pasted up on the mounting substrate 50. Moreover, if a pad 10 is too thin, the superconducting 
material which forms a pad with heating at the time of adhesion is spread in a substrate, and 
mechanical and electric adhesion may not be obtained. 

[0O37]~According to the-experiment of artificers, good adhesion-was not obtained when the 

height of a pad 10 was lower than 0.4 micrometers. Probably, it will be desirable to set the height 
of a pad 10 to 0.4 micrometers or more. Moreover, it is more desirable than the thickness of the 
sum total of touch-down electric conduction film 12a, dielectric thin film 13a, and 
superconducting circuit pattern 15a to make a pad 10 high. In addition, in order to secure 
sufficient adhesion, it is more desirable to set the height of a pad 10 to 1 micrometers or more. 
[0038] Although drawing 1 explained the case where one superconducting circuit substrate was 
mounted on one mounting substrate, two or more superconducting circuit substrates may be 
mounted on one mounting substrate. 

[0039] Drawing 5 shows the outline top view of the superconducting circuit equipment which 
mounted two or more superconducting circuit substrates on one mounting substrate. On the 
main front face of the mounting substrate 50, two or more superconducting circuit substrates 1 
are mounted. Both adhesion is performed by the same approach as the adhesion in the case of 
the superconducting circuit equipment shown in drawing 1 (A). 

[0040] On the field near [ on the front face of main of the dielectric substrate 51 which 
constitutes the mounting substrate 50 ] the periphery section, two or more pads 57 for external 
connection are arranged. The pad 57 for external connection is connected to the pad for 
connection with the superconducting circuit substrate 1 by wiring 56. Wiring 58 connects the 
pads for connection with the superconducting circuit substrate 1. 

[0041] Thus, improvement in packaging density can be aimed at by mounting two or more 
superconducting circuit substrates on one mounting substrate. 

[0042] Next, with reference to drawing 6 , the superconducting circuit equipment by the 2nd 
example of this invention is explained. 

[0043] Drawin g 6 (A) shows the sectional view of the superconducting circuit equipment by the 
2nd example, and drawing 6 (B) shows the top view. The sectional view in alternate long and 
short dash line A6-A6 of drawing 6 (B) is equivalent to the sectional view of drawin g 6 (A). 
[0044] The compound substrate 60 is constituted including the superconduction member 61 and 
two dielectric members 62. The superconduction member 61 is a plate with which a cross 
section consists of YBCO with a thickness of 0.3mm of trapezoidal shape. That is, the 
superconduction member 61 has the slant face which connects a top face and an inferior 
surface of tongue parallel to mutual, and a top face and an inferior surface of tongue. The angle 
of a base and a slant face to make is 45 degrees. Let the superconduction member 61 be 
crystal-face bearing where the c-axis becomes a top face and a perpendicular. If this crystal- 
face bearing is adopted, the invasion length of a magnetic field becomes short and can aim at the 
fall of the inductance of wiring. 

[0045] Each of the dielectric member 62 is a plate which consists of MgO, and has the slant face 
which connects a top face and an inferior surface of tongue parallel to mutual, and a top face 
and an inferior surface of tongue. The slant face of two dielectric members 62 is pasted up on 
two slant faces of the superconduction member 61 through the superconducting thin film 64 
which consists of YBCO, respectively. The top face of the dielectric member 62 demarcates one 
virtual flat surface with the top face of the superconduction member 61. That is, one flat top 
face is demarcated by the superconduction member 61 and the dielectric member 62. On the 
inferior surface of tongue of the dielectric member 62, the superconducting thin film 63 which 
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consists of YBCO is formed. The front face of a superconducting thin film 63 demarcates one 
virtual flat surface with the inferior surface of tongue of the superconduction member 61. 
[0046] On the top face of the superconduction member 61 and the dielectric member 62, the 
dielectric thin film 65 with a thickness of 0.3 micrometers it is thin from MgO is formed. The , 
front face of the compound substrate 60 is classified into the 1st field 75 corresponding to the 
top face of the superconduction member 61, the 2nd field 76 corresponding to a slant face, and 
the 3rd field 77 corresponding to the inferior surface of tongue of the dielectric member 62. 
[0047] On the 1st field 75 of the front face of the compound substrate 60, with a thickness of 
0.3 micrometers it is thin from YBCO superconducting circuit pattern 70A is formed. 
Superconducting circuit pattern 70A is a delay circuit, a multistage filter, a logical circuit, etc. On 
the 2nd and 3rd fields 76 and 77, with a thickness of 0.3 micrometers it is thin from YBCO 
"drawer pattern 70B is formed. Drawer pattern 70BHs connected to superconducting circuit 
pattern 70A. The width of face of the part arranged in the 2nd field 76 among drawer pattern 
70B is thick as it separates from the 1st field 75. 

[0048] The pattern width of face of superconducting circuit pattern 70A is 0.3 micrometers. The 
width of face of the part on the boundary of the 1st field 75 and the 2nd field 76 is 0.3 
micrometers among drawer pattern 70B. and the width of face of the part on the boundary of the 
2nd field 76 and the 3rd field 77 and the part in the 3rd field 77 is 0.3mm. 

[0049] The compound substrate 60 is contained in the copper cavity 72. The superconduction 
member 61 and a superconducting thin film 63 are electrically connected to the inside of a cavity 
72. The central conductor 71 of a high frequency connector is inserted into a cavity 72 via the 
through tube prepared in the cavity 72, and is stuck to drawer pattern 70B by pressure. The 
outer conductor of a high frequency connector is connected to a cavity 72. 

[0050] the top face of the superconduction member 61, and superconducting thin films 63 and 64 
— touch-down — the microstrip line structure used as a conductor is acquired, the touch-down 
from the main front face of the compound substrate 60, i.e., the front face of the dielectric thin 
film 65, ~ the depth to a conductor is fixed in the 1 st field 75. In the 2nd field 76, this depth is 
deep as it separates from the 1st field 75. 

[0051] drawer pattern 70B — the touch-down from the main front face of the compound 
substrate 60 — the depth to a conductor becomes deep — it is alike, and it follows and is thick 
according to the depth. For this reason, it becomes possible to make the characteristic 
impedance of a drawer pattern regularity mostly spatially. Since drawer pattern 70B is made 
large into the 3rd field 77, it can stick easily drawer pattern 70B and a central conductor 71 by 
pressure. Since the touch area of drawer pattern 70B and a central conductor 71 becomes large, 
both contact resistance can be reduced. Moreover, since the impedance of a connection has 
consistency, the reflection loss of a RF signal can be reduced. 

[0052] Next the manufacture approach of the superconducting circuit equipment by the 2nd 
example is explained. The superconduction member 61 and the dielectric member 62 are 
obtained by grinding aslant the edge of the single crystal substrate of YBCO, and the single 
crystal substrate of MgO, or cutting off aslant, respectively. Superconducting thin films 63 and 
64 are formed of laser vacuum evaporationo or sputtering. 

[0053] Adhesion with the dielectric member 62 and the superconduction member 61 in which 
superconducting thin films 63 and 64 were formed is performed by contacting both slant faces 
and overheating at about 920 degrees C. 

[0054] Laser vacuum evaporationo can perform formation of the dielectric thin film 65. For 
example, laser vacuum evaporationo is performed on condition that the temperature of 740 
degrees C, and pressure 200mTorr in an oxygen ambient atmosphere. Superconducting circuit 
pattern 70A and drawer pattern 70B are formed by carrying out patterning of this YBCO thin 
film, after forming a YBCO thin film. Laser vacuum evaporationo performs formation of a YBCO 
thin film. The condition is the same as that of the case of formation of the dielectric thin film 65. 

[0055] In the above-mentioned example, although MgO was used as dielectric materials, using 
YBCO as a superconducting material, other oxide superconducting materials and dielectric 
materials may be used. As an usable oxide superconducting material, the oxide superconducting 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/10/16 



JP,2001-127351,A [DETAILED DESCRIPTION] 



7/7 ^— v 



material which used Nd, Eu, Ho, etc. instead of Y of YBCO is mentioned. Other than MgO, 
strontium titanate (STO), La0.35Sr0.65aluminum0.675Ta 0.325O3 (LAST), etc. are mentioned. 
„[0056] Although this invention was explained in accordance with the example above, this 
invention is not restricted to these. For example, probably, it will be obvious to this contractor 
for various modification; amelioration, combination, etc. to be possible. 
[0057] 

[Effect of the Invention] As explained above, according to this invention, a superconducting 
circuit substrate can be pasted up with sufficient repeatability on a mounting substrate by 
making the pad of a superconducting circuit substrate high, wiring and touch-down of microstrip 
line structure — even if it changes wiring width of face by changing distance with a conductor, 
the characteristic impedance can be kept constant. By making thick wiring width of face of a 
-connection with- the exterior,- it becomes-possible to perform-adhesion-with wiring and an 
external conductor easily. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD ... , . .„ ..... 

[Field of the Invention] This invention relates to the equipment which has the electronic circuitry 
which used the superconducting material. 

; j 

[Translation done.] 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. " 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR A RT .__ . _ 

[Description of the Prior Art] If a superconducting material is used for electric wiring, surface 
electrical resistance to the high frequency current can be made low. Moreover, if the tunnel 
effect component of superconduction is used, reduction of power consumption and improvement 
in the speed of operation will be attained. Since a superconducting material has these 
outstanding properties, application of the superconducting material to a RF circuit is advanced. 
The attempt which uses an oxide superconducting material for wiring has been made since the 
discovery of an oxide superconducting material whose superconduction transition temperature 
exceeds liquefaction nitrogen temperature. 

[0003] In a RF circuit, in order to make a signal spread efficiently, generally microstrip line 
structure is adopted. The ingredient excellent in dielectric characteristics (tandelta) fits the 
dielectric layer of microstrip line structure. Moreover, it is desirable that epitaxial growth of the 
oxide superconducting thin film can be carried out on a dielectric layer. For these reasons, MgO 
is used as a dielectric layer of microstrip line structure using an oxide superconducting material 
in many cases. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, a superconducting 
circuit substrate can be pasted up with sufficient repeatability on a mounting substrate by 
making the pad of a superconducting circuit substrate high, wiring and touch-down of microstrip 
line structure — even if it changes wiring width of face by changing distance with a conductor, 
the characteristic impedance can be kept constant. By making thick wiring width of face of a 
connection with the exterior, it becomes possible to perform adhesion with wiring and an 
external conductor easily. 
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♦ NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] If the characteristic impedance of wiring is changed 
spatially, reflection of a signal will arise at the changing point of a characteristic impedance, and 
attenuation of a signal and a wave-like distortion will arise. If the frequency of a signal becomes 
high, attenuation and waveform distortion of a signal will become remarkable. 
[0005] The characteristic impedance of microstrip line structure is determined by a dielectric 
constant, its thickness, wiring width of face, etc. of a dielectric layer in approximation. In order to 
set a characteristic impedance as about 50ohms, using MgO as a dielectric layer, dielectric layer 
thickness and wiring width of face must be made comparable. 

[0006] A thin film multilayering technique is used for production of a superconduction integrated 
circuit device. In this case, the thickness of a thin film is usually set as 1 micrometer or less 
from the irregularity on the front face of a thin film, crystallinity, growth time amount, etc. When 
the dielectric layer thickness which consists of MgO is 1 micrometer or less, in order to set the 
characteristic impedance of a microstrip line to 50 ohms, it is necessary to set wiring width of 
face to 1 micrometer or less. 

[0007] On the other hand, external wiring connected to an integrated circuit device has coaxial 
structure, and even if the size of the central conductor is thin, it is about 0.1mm. The big 
difference with the wiring width of face of an integrated circuit device and the size of the central 
conductor of a coaxial cable makes an assembly difficult, and enlarges reflection by the 
impedance mismatch. 

[0008] Moreover, when using the superconducting material of a metal system, flip chip bonding is 
used for connection between an integrated-circuit substrate and a mounting substrate. However, 
when using an oxide superconducting material, it is difficult to perform flip chip bonding, and the 
connection method through a usual state electrical conduction wire has been adopted. If a usual 
state electrical conduction wire is used, a transmission characteristic will deteriorate compared 
with the case where direct continuation of the superconducting materials is carried out. 
[0009] The purpose of this invention is offering the superconducting circuit equipment which can 
mount a superconducting circuit substrate on a mounting substrate, and its manufacture 
approach, without using a usual state electrical conduction wire. 

[0010] Other purposes of this invention are offering the superconducting circuit equipment which 
can aim at adjustment of the characteristic impedance of superconducting circuit equipment and 
an external track. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. ##*# shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] Two or more 1st pads which according to one viewpoint of this 
invention have been arranged discretely and formed with the oxide superconducting material on 
the main front face of the 1st dielectric substrate and said 1st dielectric substrate, The touch- 
down electric conduction film which has been arranged on the main front face of said 1st 
dielectric substrate, and was formed with the oxide superconducting material, The front face of 
said touch-down electric conduction film is arranged on the front face of a wrap dielectric film 
and said dielectric film. It is formed with an oxide superconducting material, and has the 
superconducting circuit pattern connected to said 1st pad, and superconducting circuit 
equipment with the sum total of the thickness of said touch-down electric conduction film, said 
dielectric film, and said superconducting circuit pattern smaller than the height of said 1st pad is 
offered. 

[0012] Since the 1st pad is comparatively expensive, even if curvature is in the 1 st dielectric 
substrate and the mounting substrate for mounting it, it is stabilized and the 1st pad and the pad 
by the side of a mounting substrate can be pasted up. 

[0013] The process which forms the 1st oxide superconduction film on the main front face of the 
1st dielectric substrate according to other viewpoints of this invention, The process which 
leaves two or more 1st pads which carry out patterning of said 1st oxide superconduction film, 
and are distributed discretely, The process which forms the touch-down electric conduction film 
which consists of an oxide superconducting material on some fields on the front face of main of 
said 1st dielectric substrate, The manufacture approach of superconducting circuit equipment of 
having the process which forms a dielectric thin film on the front face of said touch-down 
electric conduction film, and the process which forms the superconducting circuit pattern which 
consisted of an oxide superconducting material on the front face of said dielectric thin film, and 
was connected to said 1st pad is offered. 

[0014] The 1st pad is formed at a different process from the process which forms a 
superconducting circuit pattern. For this reason, it becomes possible to set up the height of the 
1st pad independently with the thickness of a superconducting circuit pattern. If the 1st pad is 
made high, it will be hard coming to win popularity the effect of the curvature of a substrate etc. 
[0015] According to other viewpoints of this invention, it is the compound substrate with which 
the main front face was formed with dielectric materials, and the interface of dielectric materials 
and an oxide superconducting material was caudad formed rather than the main front face. The 
1st field and the 2nd field which adjoins at it are demarcated in the main front face of this 
substrate, and it sets to this 1 st field. The depth from the main front face to said interface is 
about 1 law, and it sets to this 2nd field. Said compound substrate with which the depth from the 
main front face to said interface is deep as it separates from said 1st field, The superconducting 
circuit pattern formed on the 1st [ in the main front face of said compound substrate / said ] 
field, It is the drawer pattern which is formed on the 2nd [ in the main front face of said 
compound substrate / said ] field, and consists of a superconducting material. This drawer 
pattern extends in the direction which intersects the boundary line of said 1st field and 2nd field, 
and is connected to said superconducting circuit pattern, and the superconducting circuit 
equipment which has said drawer pattern which is becoming thick gradually is offered as it 
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separates from said 1st field. 

[0016] This superconducting circuit equipment has the microstrip line structure which makes the 
interface of the dielectric materials of a compound substrate, and a superconducting material a 
touch-down conductor side. The drawer pattern is thick as spacing of a drawer pattern and a 
touch-down conductor side becomes large. For this reason, spatial fluctuation of the 
characteristic impedance of a drawer pattern can be lessened. Lead wire, such as a RF 
connector, can be easily pasted up on the thick part of a drawer pattern. 
[0017] 

[Embodiment of the Invention] With reference to drawing 1 - drawing 4 , the superconducting 
circuit equipment by the 1st example of this invention is explained. 

[0018] Drawing 1 (A) shows the outline sectional view of the superconducting circuit equipment 
by the 1st example, and drawing 1 (B) shows a top view. The sectional view in alternate long and 
short dash line A1-A1 of drawin g 1 (B) is equivalent to drawing 1 (A). Superconducting circuit 
equipment is fundamentally constituted including the superconducting circuit substrate 1 and the 
mounting substrate 50. The superconducting circuit substrate 1 is constituted including two or 
more 1st pads 10 which consist of a dielectric substrate 5 which consists of MgO, and 
YBa2Cu307-d (YBCO). d is the amount of deficits of oxygen here. Two or more 1st pads 10 are 
discretely distributed on the main front face of the dielectric substrate 5. About the more 
detailed configuration of the superconducting circuit substrate 1 , it mentions later with reference 
to drawing 2 and drawing 3 . 

[0019] The mounting substrate 50 is constituted including two or more 2nd pads 55, wiring 56, 
and the pad 57 for external connection which serve as the dielectric substrate 51 which consists 
of MgO from YBCO formed on the main front face. The 2nd pad 55 is arranged in the location 
corresponding to the 1st pad 10, when those main front faces are made to counter and the 
dielectric substrates 5 and 51 have been arranged. The 2nd pad 55 is electrically connected to 
the pad 57 for external connection through wiring 56, respectively. 

[0020] Each top face of the 1st pad 10 has pasted the top face of the 2nd pad 55 corresponding 
to the 1st pad 10 concerned. Adhesion of pads contacts both and is performed by heating at 920 
degrees C in an oxygen ambient atmosphere for 2 hours. 920 degrees C is the sintering 
temperature of YBCO. In addition, whenever [ stoving temperature ] can be lowered by 
pressurizing pads. For example, when it pressurized using a stainless steel spring, both pasted up 
at the temperature of 900 degrees C. 

[0021] The central conductor 60 of a RF connector is stuck to the pad 57 for external 
connection by pressure. In addition, the outer conductor of a RF connector is connected to the 
grand side of the circuit pattern of the mounting substrate 50. The external signal line is 
connected to a RF connector. As the external signal line, a coaxial cable is usually used. 
[0022] Next, with reference to dr aw ing 2 and drawing 3 , the manufacture approach of the 
superconducting circuit substrate 1 is explained. 

[0023] As shown in drawing 2 (A), the dielectric substrate 5 which consists of MgO is prepared. 
On the main front face of the dielectric substrate 5, the superconduction thick film 6 with a 
thickness of 10 micrometers it is thin from YBCO is formed. Formation of the superconduction 
thick film 6 is performed by liquid phase crystal growth (LPE). a MgO substrate top — the YBCO 
film — LPE — the approach of forming using law is explained to JP,7-33590,A at the detail. 
Hereafter, the formation approach of the superconduction thick film 6 is explained briefly. 
[0024] First, the YBCO film with a thickness of 0.01-1 micrometer is grown up with plasma 
vacuum deposition on the main front face of the dielectric substrate 5. the YBCO film top 
formed by plasma vacuum deposition — LPE — the thick YBCO film is grown up using law. The 
mixed melt of BaO and CuO is used as a solvent. The mole ratio of Ba and Cu is 3:5. Y2B aCu05 
is used as solute feed materials. The crucible into which the solute and the solvent were put is 
heated and melting of the solvent is carried out to a solute. Then, skin temperature is adjusted 
to 1000 degrees C, and a crucible pars basilaris ossis occipitalis is adjusted to 1010 degrees C. 
In this condition, solute feed materials have precipitated in the lower part of the solvent of a 
liquid condition. Solute feed materials are dissolving into a solvent. 

[0025] The front face of the YBCO film formed in this solution with plasma vacuum deposition is 
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contacted, and a YBCO thick film is grown up by considering a rotational frequency as per 
minute 100 rotation. The YBCO film formed with plasma vacuum deposition serves as seed 
crystal. A YBCO thick film is grown up so that the thickness of the YBCO thick film after growth 
may become a little thicker than 10 micrometers. The front face of a YBCO thick film is ground 
after growth, and the superconduction thick film 6 with a thickness of 10 micrometers is formed. 
[0026] As shown in drawing 2 (B) f patterning of the superconduction thick film 6 is carried out, 
and it leaves two or more pads 10. A pad 10 is discretely distributed on the main front face of 
the dielectric substrate 5. The wet etching which used the nitric acid performs patterning of the 
superconduction thick film 6. The diameter of each pad 10 is about 0.5mm. 
[0027] As shown in drawing 2 (C), the superconducting thin film 12 with a thickness of 0.2-0.3 
micrometers it is thin from YBCO is formed so that the main front face of the dielectric 
substrate 5 and the front face of a pad 10 may be covered. For example, laser vacuum 
evaporationo performs formation of a superconducting thin film 1 2. 

[0028] As shown in drawing 2 (D), patterning of the superconducting thin film 12 is carried out. 
Touch-down electric conduction film 12a remains on the field where the pad 10 on the front face 
of main of the dielectric substrate 5 is not arranged. Superconducting thin film 12b remains also 
on each front face of a pad 10. Touch-down electric conduction film 12a follows wrap 
superconducting thin film 12b in at least one pad 10. Moreover, at least one pad 10 is electrically 
separated from touch-down electric conduction film 12a. In drawin g 2 (B), wrap superconducting 
thin film 12b follows touch-down electric conduction film 12a in the right-hand side pad 10, and 
the left-hand side pad 10 is electrically separated from touch-down electric conduction film 12a. 

[0029] As shown in drawin g 3 (E), the dielectric thin film 1 3 with a thickness of 0.2-0.3 
micrometers it is thin from MgO is formed on a substrate. For example, laser vacuum 
evaporationo or sputtering can perform formation of the dielectric thin film 13. 
[0030] As shown in drawing 3 (F), the wrap dielectric thin film 13 is removed for a pad 10. Wrap 
dielectric thin film 13a remains touch-down electric conduction film 12a. Partial removal of the 
dielectric thin film 13 can be performed by covering the part which it should leave with a resist 
pattern, and carrying out ion milling of the exposed part. 

[0031] As shown in drawing 3 (G), while forming superconducting circuit pattern 15a which 
consists of YBCO on the front face of dielectric thin film 13a, the laminating of the 
superconducting thin film 15b which consists a pad 10 of YBCO further on wrap superconducting 
- -thin film 12b is carried out. Superconducting circuit pattern 15a and superconducting thin film 
15b are formed by carrying out patterning of this YBCO thin film, after growing up a YBCO thin 
film on a substrate. The thickness of superconducting circuit pattern 15a and superconducting 
thin film 15b is 0.2-0.3 micrometers. 

[0032] The superconducting circuit substrate 1 of microstrip line structure is produced through 
the process from drawing 2 (A) to drawing 3 (G). A logical circuit is mentioned as an example of 
a superconducting circuit. The example of 1 configuration of a comparator circuit is an IEEE 
transaction. ON Applied It is indicated by 2987-2992 pages of volume [ 7th ] No. 2 (June, 1997) 
(IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL.7, NO.2, JUNE 1997) of 
super KONDAKUTIBITI. 

[0033] The mounting substrate 50 shown in drawin g 1 (A) is produced by forming a 
superconduction pattern on the front face of the dielectric substrate 51 by the same approach 
as formation of superconducting circuit pattern 1 5a explained by drawin g 3 (G), and 
superconducting thin film 1 5b. The height of the pad 55 by the side of the mounting substrate 50 
is comparable as the thickness of wiring 56, and good. 

[0034] Drawing 4 shows the temperature dependence of resistance between the pad 10 of 
drawingj (A), and a pad 55. An axis of abscissa expresses temperature with a unit "K", and an 
axis of ordinate expresses resistance with a unit "omega." Measurement of resistance was 
performed using 4 terminal method. In abbreviation 90K or less range which is the 
superconduction transition temperature of YBCO, it turns out that resistance is very low. By 
making YBCO into a superconductive state, it is possible to connect the superconducting circuit 
pattern on a superconducting circuit substrate and wiring on a mounting substrate by low 
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resistance. 

[0035] In addition, judging from a current potential property, it will not be in a perfect 
superconductive state between a pad 10 and a pad 55, but it is thought that slight residual 
resistance remains. HoweVer, residual resistance of this level hardly affects actuation of a RF 
circuit. As a cause by whicfi residual resistance remains, resistance resulting from the grain 
boundary of the interface between pads can be considered. It is thought that this resistance can 
be decreased by optimizing both surface treatment before contact of a pad. 
[0036] Since the height of a pad 10 is about 10 micrometers, even when curvature is in the 
dielectric substrate 5 and the dielectric substrate 51 by the side of the mounting substrate 50, it 
is stabilized with sufficient repeatability and the superconducting circuit substrate 1 can be 
pasted up on the mounting substrate 50. Moreover, if a pad 10 is too thin, the superconducting 
material which forms a pad with heating at the time of adhesion is spread in a substrate, and 
mechanical and electric adhesion may not be obtained. 

[0037] According to the experiment of artificers, good adhesion was not obtained when the 
height of a pad 10 was lower than 0.4 micrometers. Probably, it will be desirable to set the height 
of a pad 10 to 0.4 micrometers or more. Moreover, it is more desirable than the thickness of the 
sum total of touch-down electric conduction film 12a, dielectric thin film 13a, and 
superconducting circuit pattern 15a to make a pad 10 high. In addition, in order to secure 
sufficient adhesion, it is more desirable to set the height of a pad 10 to 1 micrometers or more. 
[0038] Although drawing 1 explained the case where one superconducting circuit substrate was 
mounted on one mounting substrate, two or more superconducting circuit substrates may be 
mounted on one mounting substrate. 

[0039] Drawing 5 shows the outline top view of the superconducting circuit equipment which 
mounted two or more superconducting circuit substrates on one mounting substrate. On the 
main front face of the mounting substrate 50, two or more superconducting circuit substrates 1 
are mounted. Both adhesion is performed by the same approach as the adhesion in the case of 
the superconducting circuit equipment shown in drawing 1 (A). 

[0040] On the field near [ on the front face of main of the dielectric substrate 51 which 
constitutes the mounting substrate 50 ] the periphery section, two or more pads 57 for external 
connection are arranged. The pad 57 for external connection is connected to the pad for 
connection with the superconducting circuit substrate 1 by wiring 56. Wiring 58 connects the 
pads for connection with the superconducting circuit substrate 1. 

[0041] Thus; improvement in packaging density can be aimed at by mounting two or more 
superconducting circuit substrates on one mounting substrate. 

[0042] Next, with reference to drawin g 6 , the superconducting circuit equipment by the 2nd 
example of this invention is explained. 

[0043] Drawin g 6 (A) shows the sectional view of the superconducting circuit equipment by the 
2nd example, and drawing 6 (B) shows the top view. The sectional view in alternate long and 
short dash line A6-A6 of d rawin g 6 (B) is equivalent to the sectional view of drawin g 6 (A). 
[0044] The compound substrate 60 is constituted including the superconduction member 61 and 
two dielectric members 62. The superconduction member 61 is a plate with which a cross 
section consists of YBCO with a thickness of 0.3mm of trapezoidal shape. That is, the 
superconduction member 61 has the slant facie which connects a top face and an inferior 
surface of tongue parallel to mutual, and a top face and an inferior surface of tongue. The angle 
of a base and a slant face to make is 45 degrees. Let the superconduction member 61 be 
crystal-face bearing where the c-axis becomes a top face and a perpendicular. If this crystal- 
face bearing is adopted, the invasion length of a magnetic field becomes short and can aim at the 
fall of the inductance of wiring. 

[0045] Each of the dielectric member 62 is a plate which consists of MgO, and has the slant face 
which connects a top face and an inferior surface of tongue parallel to mutual, and a top face 
and an inferior surface of tongue. The slant face of two dielectric members 62 is pasted up on 
two slant faces of the superconduction member 61 through the superconducting thin film 64 
which consists of YBCO, respectively. The top face of the dielectric member 62 demarcates one 
virtual flat surface with the top face of the superconduction member 61. That is, one flat top 
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face is demarcated by the superconduction member 61 and the dielectric member 62. On the 
inferior surface of tongue of the dielectric member 62, the superconducting thin film 63 which 
consists of YBCO is formed. The front face of a superconducting thin film 63 demarcates one 
virtual flat surface with the inferior surface of tongue of the superconduction member 61. 
[0046] On the top face of the superconduction member 61 and the dielectric member 62, the 
dielectric thin film 65 with a thickness of 0.3 micrometers it is thin from MgO is formed. The 
front face of the compound substrate 60 is classified into the 1st field 75 corresponding to the 
top face of the superconduction member 61, the 2nd field 76 corresponding to a slant face, and 
the 3rd field 77 corresponding to the inferior surface of tongue of the dielectric member 62. 
[0047] On the 1st field 75 of the front face of the compound substrate 60, with a thickness of 
0.3 micrometers it is thin from YBCO superconducting circuit pattern 70A is formed. 
Superconducting circuit pattern 70A is a delay circuit, a multistage filter, a logical circuit, etc. On 
the 2nd and 3rd fields 76 and 77, with a thickness of 0.3 micrometers it is thin from YBCO 
drawer pattern 70B is formed. Drawer pattern 70B is connected to superconducting circuit 
pattern 70A. The width of face of the part arranged in the 2nd field 76 among drawer pattern 
70B is thick as it separates from the 1st field 75. 

[0048] The pattern width of face of superconducting circuit pattern 70A is 0.3 micrometers. The 
width of face of the part on the boundary of the 1 st field 75 and the 2nd field 76 is 0.3 
micrometers among drawer pattern 70B, and the width of face of the part on the boundary of the 
2nd field 76 and the 3rd field 77 and the part in the 3rd field 77 is 0.3mm. 

[0049] The compound substrate 60 is contained in the copper cavity 72. The superconduction 
member 61 and a superconducting thin film 63 are electrically connected to the inside of a cavity 
72. The central conductor 71 of a high frequency connector is inserted into a cavity 72 via the 
through tube prepared in the cavity 72, and is stuck to drawer pattern 70B by pressure. The 
outer conductor of a high frequency connector is connected to a cavity 72. 

[0050] the top face of the superconduction member 61, and superconducting thin films 63 and 64 
— touch-down — the microstrip line structure used as a conductor is acquired, the touch-down 
from the main front face of the compound substrate 60, i.e., the front face of the dielectric thin 
film 65, — the depth to a conductor is fixed in the 1st field 75. In the 2nd field 76, this depth is 
deep as it separates from the 1st field 75. 

[0051] drawer pattern 70B — the touch-down from the main front face of the compound 
substrate 60 — the depth to a conductor becomes deep — it is alike, and it follows and is thick 
according to the depth. For this reason, it becomes possible to make the characteristic 
impedance of a drawer pattern regularity mostly spatially. Since drawer pattern 70B is made 
large into the 3rd field 77, it can stick easily drawer pattern 70B and a central conductor 71 by 
pressure. Since the touch area of drawer pattern 70B and a central conductor 71 becomes large, 
both contact resistance can be reduced. Moreover, since the impedance of a connection has 
consistency, the reflection loss of a RF signal can be reduced. 

[0052] Next, the manufacture approach of the superconducting circuit equipment by the 2nd 
example is explained. The superconduction member 61 and the dielectric member 62 are 
obtained by grinding aslant the edge of the single crystal substrate of YBCO, and the single 
crystal substrate of MgO, or cutting off aslant, respectively. Superconducting thin films 63 and 
64 are formed of laser vacuum evaporation© or sputtering. 

[0053] Adhesion with the dielectric member 62 and the superconduction member 61 in which 
superconducting thin films 63 and 64 were formed is performed by contacting both slant faces 
and overheating at about 920 degrees C. 

[0054] Laser vacuum evaporation© can perform formation of the dielectric thin film 65. For 
example, laser vacuum evaporation© is performed on condition that the temperature of 740 
degrees C, and pressure 200mTorr in an oxygen ambient atmosphere. Superconducting circuit 
pattern 70A and drawer pattern 70B are formed by carrying out patterning of this YBCO thin 
film, after forming a YBCO thin film. Laser vacuum evaporation© performs formation of a YBCO 
thin film. The condition is the same as that of the case of formation of the dielectric thin film 65. 

[0055] In the above-mentioned example, although MgO was used as dielectric materials, using 
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YBCO as a superconducting material, other oxide superconducting materials and dielectric 
materials may be used. As an usable oxide superconducting material, the oxide superconducting 
material which used Nd, Eu, Ho, etc. instead of Y of YBCO is mentioned. Other than MgO, 
strontium titanate (STO), 'La0.35Sr0.65aluminum0.675Ta 0.325O3 (LAST), etc. are mentioned. 
[0056] Although this invention was explained in accordance with the example above, this 
invention is not restricted to these. For example, probably, it will be obvious to this contractor 
for various modification, amelioration, combination, etc. to be possible. 
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• * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view and top view of superconducting circuit equipment by the 1st 
example. 

[Drawing 2] It is the sectional view (the 1) of the substrate for explaining the manufacture 
approach of the superconducting circuit substrate used for the superconducting circuit 
equipment by the 1st example. 

[ Drawin g 3] It is the sectional view (the 2) of the substrate for explaining the manufacture 
approach of the superconducting circuit substrate used for the superconducting circuit 
equipment by the 1st example. 

[Drawing 4] It is the graph which shows the temperature dependence of resistance of the 
connection of pads it is temperature-independent from YBCO. 

[Drawing 5] It is the top view of the superconducting circuit equipment which mounted two or 
more superconducting circuit substrates on one mounting substrate. 

[Drawing 6] It is the sectional view and top view of superconducting circuit equipment by the 2nd 
example. 

[Description of Notations] 

1 Superconducting Circuit Substrate 

5 Dielectric Substrate 

6 Superconduction Thick Film 
10 Pad 

12 12b Superconducting thin film 

1 2a Touch-down electric conduction film 

13 13a Dielectric thin film 

15a Superconducting circuit pattern 
15b Superconducting thin film 

50 Mounting Substrate 

51 Dielectric Substrate 

55 Pad 

56 58 Wiring 

57 Pad for External Connection 

60 Central Conductor 

61 Superconduction Member 

62 Dielectric Member 

63 64 Superconducting thin film 
65 Dielectric Thin Film 

70A Superconducting circuit pattern 
70B Drawer pattern 
71 Central Conductor 

75 1st Field 

76 2nd Field 

77 3rd Field 
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